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smrtll, from one to f ive  percent of e c t r y  vehicle w i g h t ,  tc. co:-rlrs:x,md to the 

speeds, ?.bin& tne firing of re+:r;rocketz, rind s e l x S i n g  tind control i ing t l i e  

k i p b e  necessary to redtlce touchdon; speed ts rhe w q u i r e d  l e v e l ,  c t t .  

of tne gars atmcjsphere. hWle  C,'uis wi'd no1 cecrssrrily remove the diffictlty 

of' t h e  soft i s n d f n g  protiem, it. will at. lc,cist y r e s e n t  It in more ileficire terns. 1 
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Rwor:nLt;lun Is also requi red  of' t h e  import.,mt goal of t!ie bictlo;,lst&m 

I l r  .A p< ", t h e  search f o r  extraterrestr ia l  l i f e .  T i i e  reijuirep that  the  ;xoting 

. cot contamlmte t h e  p lane t  w i t h  Eart'n l i f e  forms. 'Fhiz -msdibility is pro- 

be s t e r i l i zed  by emsing them to the ;?roper thermal cycle  8s  whcile LLnits 

segfed in their  sterilization envelapee. 

?€sides the benefits to the la ter  pk;siL-al wid 'Dielogical exploratim of 

?&us, first inmanned M d  later mwxied, ?he a?f-esurener,t of the s t r d c t u r c  rvzd 

cortpos;t.ion of the atmosphere hol& mucn h t e r e s t  i n  i+,s 3w-n risiit as a 

e t s ,  as a piece of information reLtLti,ng to the solar s j r s t e m  and ita origins.  

A tecnniqun for meaauriw the properties of the stmosphercs of t h e  

plmc+t; wnicr. i s  discussed and anal;. Fci in referrnw 1 is t h e  otjsei-v-+tion of 

the res-srrrc of rn entry vehicle t o  the atmosphere. 31 is  response can be 

sensed in naoy foms, in tile decelerut. ion,  pix,:!!ing oscillation, heat i ' rg ,  m d  

railiiizion exposwe, t o  nErlie a fev, and t h e  reu7oiise can be srtaly:.ed to def ine  

the  properties of t h e  atmosphere encomtcred .  ",he a>plicatiorA of s u m  b meas- 

* a m e n t  technique to obtaining t t e  p - o p e r t l r s  of the b*ms stnosphere has been 

stucll-c-d at Aanea Resesrch .:enter clxt,inQowlqr since the pubilL<ation of' refer- 

ence 1, ~ i t h  the purpose of selecting t h e  most prmis1r-q experimenta and aeter- 

;r,ln?ng tr:e accrarEtey w i t h  which they could bc made %I y i e l d  the  atmospheric 

propert:es. %is ar t ic le  will describe S ~ P  of the findings. 



I the profile of atmospheric density 88 a function of altitude, so as %o wide 

, the design of payl&landiag vehlcles ta fallow and also ta 2rcb3.de 8 f im  
' *  

base for long range s tud ies  0% mrvlned p n t r y  system, which decelerate on 

shrt?lsw entry paths at high al t i tude?.  InteGratim of the density profile, 

once obtained, &SO permlts the definitiop of static pressure proflle, and 

temperature are a lso  to be desired. 3 i 3  set of Froperties comprise what we 

S h l i  c e l l  the atmospheric s t ruc t ,ue .  

Other i n t e re s t  is Yttached to  the atmospheric compositicn, which, while 

of some entry vehicle xmflgurations (ref. 2) and the  heuting, particl3arly 

the rdiative heating (ref. .2). Ferhapo the greatest interest h composition 

I however i3 the basic scientific interest, the desire to know more about the 

I plsnet, and its condltions. Th:s pertains tu b o a  the physical science of the 

planet,  snd the possibiLities for l i fe ,  vttere the  presence of c e r t a i n  chemical 

I species in tne abmspbere, such as water and simple orgmic co81pound6, can 

hatre determining influence on the origins and min%enance of life forms. 

Atmospheric S t n c t u r e  Zkge riments.- %e ,response of an e n t r y  vehicle to 

variations in the abmsphere i t  encounters is illustrated in figure 1. 'Large 

and clear difYerences in traJectory arise when either the scale height or tile 

surface density is chwged. !Be surface density determines the ver t i ca l  p s i -  

tion of L e  curve, and the scale height, i t s  slope. 

of t h e  trajectory variables shown would provide an absolute diEtinction between 

the Ytmospheres used for examples in t h i s  i l l m t r a t i o n .  

1 

C l e a r l y ,  the measurement 
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RYther than to analyze the data in terns of scale height,  however, it is 

more direct and advant+pm.is to determine t h e  atnosyher!c density at B point 

on +,be trajectmy fm the masured ins-i;snt.aneow deceleration of the vehicle. 

hxm the classical defining equation of drag: coeff ic ient  end !iewton's second, 

l a w  of motion, we may w r i t e ,  as in reference 1 

where as is Lke acceleration along the !'liqht path. Given tho value of 

rn/T3A and YIt the l ocs l  density is debrmined, t o  the same perce?lt eccuracy as 

thet with Kfifch t he  6cceleratLon is measured. '=he velocity is knob% at entry 

from deep space tracking of the spacecraft in interplanetary f l i g h t .  

entry, the velocity can be tracked by integrating the readiws of the accel- 

e rome fkr , 

Afkr 

and the alt'itxde can be obtained by i n t e g r a t i n g  the  v e r t i c a l  conpcnent of 

velocity . 
=i't"""" (I* 3in 6 ) d t  

t 

Zrror i n  the velocity, 86 given by eqiua'rion {P), intmduces errors i n t o  the  

density and altitude. sese errors have been antdyzed on the assmaption that 

a bias ermr of a given fraetian of the fu l l  scale range exists i n  the accel- 

erometer- Eias ermrs are emphasizedbecause they are  mre instrumental in 

causing error in the density m d  a l t i txde  than tspe random errors of the same 

magnitude. ?he iatter tend to be averaged or cwncelled out In the  data 
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Errors in the density resulting f r o m  various a a s 1 m d  bias errors in the 

acce?,crarieter ere shown ES a func t ion  of veloci ty  i n  f igure 2. ;he error 

becomes snail. when t h e  acce le rae t e r  b i a s  is of t h e  order of 9.1 percent of 

f d l  scale--e.g., v f t h  2CC g f u l l  s c d e ,  errors of 0.2 g .  Eote t ha t  the 

density is then meamred accurate Within 2 percent down to &utF h a l f  the 

e n t r y  velocity, and within 3 percent down to 0.f' VE. It is of interest that 

accelerometers meting and exceeding t h i 5  c lccmcy specification are comer- 

L 

c ia l ly  avafiable from a number of mcmfacturers. 

?he larger errcn-3 mich occur at the temiaal part of the descent, 

below G.2 V,,, are due to -0Oor determiaatioo of the veloci ty  when the velocity 
it 

is small, A t  small ve lo r i t i e s  however, p a r t i c l l l a r l y  below sonic speed, It 

bt.c'mes possible to directly measure the ambient pressure a d  temperatarre. 

%e remEinir4 -i?rknswr~ for  defining tihe low altitade density,  the gas constar?t, 

depends on the molecular w i g h t  which may d m  be known wi t5  reasonable wcu- 

rrtcy from the Independezt experbents on atmospheric compositioc. Frorn these 

&+A, it is believed t .hat the error8 in the low altitude densities need be 

no hrger than 13 percent,, being introduced j o i n t l y  by angle of attack e f f e c t s ,  

instsvment crror6, and remaining uncertainty in +he mlecular xei5ht. It. is 

n c t e m r t h y  that the upper atmospheric density c w  be def ined  w i t h  bet ter  accu- 

racy by the  accelerometer measurements than the lower atmaqherr d e n s i t y  can 

by direct measurement of' *,enprature and pressure. 

"4ne way of avoiding t h e  errors associate& u'lth law velocities is to desien 
the v e h i c l e  to i q a c t  the surface a t  a velocity r a t i o  of 3.2 or gres+&r. As is 
vell known, t h i s  i s  merely a qtlcstioc of selecting she appropriate vaide of m,'C& 
~ ~ v e r ,  since i n  our concept all data s h o ~ d d ,  fo r  maxaw re l i&i l i t y  and sin- 
glii : ; ty,  be cmmnicated between the end of comnmicatian blackout and p r i o r  to 
i q a c t ,  t h i s  d t e r n s t i v e  cuts I n t o  the commi:ation t i m e  available md therefore 
1 0 % ~  the quant i ty  of d a t a  which carl be trmsmitted, snd does not ceem ad~isuble. 
This w l l l  be discussed f u r t h e r  iinder vehicle design c o n s i d e r a t i m e .  

It 
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t i o n  of' tlltitade.) 

Elned from p i t c t  and static pressure raeasuremnts i n  therefore eesential &@ the 

%e in;pmved sccuracy of the te-mirictl velscity a:; &tier- 

iIopz.=t mwse fro= P, bus vehicle, indicate that tne entry mglc c m  be known 
en try 

axi cuntmlled with ~t f e w  degrees. When the norainal,"an&.e is 90°, errors in 

altitade fmra this :;ourice m y  be smaller thm 1 percer~t .  I 

R test of t h e  o v e r d l  dcf?:1!tiun of 3 b ~ t ; p h m - i ~  Jenz i ty  structure t h s t  

caLculated w e  represented by the ~ ~ ~ 0 1 6  in figae 3 m d  are xmpared wi th  

the " e x a c t "  rttroospher2s postulated, The def in i t ion  i; excellent from 6pound 

Lr-vel b t i l e  %ltitudes where t h e  vehicle is first kkle  tc cense the atamphere, 

which 'JCCUE; at 3ensit;k- lewis af lJ*5 of Dirt3 :ea i e v e i  density. 
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rial and the band n ~ t l t l i l g t h s  of greatest icterest  f'cr the atmospheric zrriljislc1 

has indicated that ,  by selection of ;.aterials and waveierwths., %he emrimefi t  

can be conducted on esseritiaily a no-inter-fer'enw -res:;.. 
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i n t e n s i t y  m w  we11 kriorm to be essociated wit':-> ~ J t r o , y e ?  md carbor. dioxide 

4 from one of trie aesmed tra,jectorles of a pro% ez te r ing  ' & u s .  li0t-e t,?.et four 

scale rnaxirn~rms differing by orders of mqnittlde have been chosen :n rSis pre- 

remarkable osziL;.o&rarn was obtained by nlis .fiiitiW of Ai?',". 
?wed  on the data of reference 3, 

:%e experiraectct3 variation, of the ( 3 4  hioiet band ir.+enslt> wi th  mole 

fraction of in nitrogen, carbon di0xid.e mixtrires is s3av-n in figure 5 

m d  canpared u i t ' n  the kheoretica'l nole fraction of L !  behind tne shock kqve. 

3-rd a gaseous atmospkcre consisting pr iwi3 .y  Uf nitrogcrl arid carbon d i x l c k ,  

of Ti2 and C&, exce?'., for an ambigzit;. tnat mr!ses becaase  t n e  c m v e  is double 

via le t  rsdlameter. %JS, if t he  readings oi' tkese ir.LcC,r*meats are not  consis-ent 
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t!ie shock ia;rer rsdi atioa f c r  t:.fs kin.3 of exyr-:zent. 

yecci v ing c t i r r F t i ;  t 1 aboratmj-  at, terLt I an at AR:'. 

Vel;fcle &sl,-~ 5oneideratiocs. - 3 i w n  tnir se % of experiwnts to he y r -  

formed. what i s  t h e  descriptian of tlie vehicle bes% sui ted to car r j  them out? 
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ampu laxge n m k r  for tnese experimnts. 

that the m f n  data would require less  t n m  20CO bits. 

'.l:~iaum h l t  estisastts ka;re indii-ated 

t h e  other nand, d i r e c t  

- eEplo;red. ; r a n  st,.@; of an a?mz;meric densit, s f - rx~. : :*t  eqcr'Ji)fr,+ to  be per- 

formed wi th  a sirqle axis accelerometer, -.'ictor -?eetersm of'AIi' reasoned From 

t h e  trajecbr:? ecyatiocs Df motion t e a t  i t  vas deslratlle t o  select a cmYf zra- 

tion i:avins; small variation Ln t%e rat10 of dr&; coefficieLt t o  axial lorce 

coefficient w i t :  w - l e  of a t t ack ,  and -11 iift cwce  slope. %is led ;:im to  

c c l e c t  the @ere as t3 most si;ltat*le s: a-m. Y4rt*:er stua- fins s ' 2 0 w n  additional 

i-'t&.sms WIG t? is select,ior tippears c o r r e c t .  '?e : a s l c  adrw,'!:e :: +-*:at: 'ne 

itrq, force i s  Independent of a t t i t d d e  and is t A e  onl; stet& aerodynamic force 
I 

on a sphere. 'ror w.;. otter cor2izuatlon, tile &a: acceleration of a body os- 

cillating i n  p i t c h  f l u c t l a t c s  @&ti freqiincj. e q d  t o  tce p i t c i i i s ;  frequency, 

and d i g i t a l  s a n p f j q  of t i e  scceleration at arhitrar, inter-,-als, sa: ?.7 second, 

is 5 t o  10 c y t l r s  per second. '_" ' t i :  kind of error in %.e at-ccleration is fc-!ly 
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i n t e r v a l s  frequent enough to define the 0 SC i 11s t ing 

acceleration, sx+- saol,al~~s per cycle a t  5 cycles per second, or 23 readings 

per second. Zy campa;risori, t t ie  sphere b e s  very w e i l  or; L' readings per second. 

It is therefore apparent that the t o t a l  date t o  be cmmxicaced is minircized by 

the sphere, or, for the sane mount of data,  it can perform the atmosphere strilc- 

tare experinents with vas t ly  imyoved s c c - a u c y  compared ta other shared bodies. 

Other advanta~es of t h e  sphere may be c i t e d .  The definition of angle of 

at t sck  is simplified 'fir. 7. ). 

eromcter reaarxg to the axial accelerometer reading gives the  tundent of t h e  

angle of aLlack In tht ;lane. d i t n  other ccmfig-uations, the presence of the 

l i f t  force requires tna t  v i n d  C.,me1 &+,a enter  inta tw  Ic te ryrc t r t lon  of the 

As m y  be seen, t he  ratio of the nom-a1 aceel- 

acceierometer readings t.J o b t a i n  angle of attack, and tiicre i s  2 conueque~t  l s e s  

of p-ecision. In addition, t h e  drag coefficient of s::neres i s  per:'&ps more ex- 

t ens ive ly  documented t h a n  ?.bet of m y  other bodies. Tt should he knom within 

a f e w  percent at t he  high &-wed conditions where deceleration measurements rill 

be employed to define the dens i ty ,  and should not be sensitive to +a conposition 

about by ablation are so small tk t  errors  i n  drag c o e f f i c i e c t  from t h i s  source 

m a y  be neglected. 

i t ,  should be mentioned that ,  in t h i s  a y p l i c a t i m  t h e  sphere has its center 

of mass ahead of the geometric center to aerodynamically st.abili;e it %bout the 

deslred flight orientation. ?he equation of' the static stability coefficient i s  

1nCliKkd ZZ3 figure 2. 

3~5, we conclude that  the sphere is t i e  preferred sksw for  t,he Piiars atmos- 

pheric probe. %is, however, does not imp1.y t h a t  tt:e EFhere vill ~ 1 s ~ ~  t e  optimum 

for paylmd landing vehiFle,r. We are,  in fact, q u i t e  sure it is nut, s i n c e  pref- 



.. 
1 

payload. 5X.s latter prollem ;-as beer, disc-issed ir. a recer,t a r t i c l e  in t h i s  

plieric probe, M and OljX associates at Anes i?ewarc:i :7c.r,tt.r have made estLrm:es 



more cmpffcated vehicles to Yo;low. 
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